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Method For Determining Parameters 


The present invention relates to a method for determining 
parameters for the viscosity and/or temperature of a brake 
fluid of a vehicle. 


It is known that the viscosity of a brake fluid or hydraulic 
fluid is greatly responsive to temperatures. High viscosity at 
low fluid temperatures, i.e., at a low temperature below -10 
degrees C, for example, in the starting period of an automotive 
vehicle impairs the controllability of the brake pressure of a 
controlled hydraulic brake system. It is problematic when brake 
fluid, e.g. within a driving stability control function, i.e. 
without being influenced by the driver, shall be conducted 
especially quickly from the brake fluid reservoir to a wheel 
brake. With temperatures dropping, the viscosity of the brake 
fluid rises overproportionally . At very low temperatures, the 
result is that the brake fluid cannot be aspirated at a 
sufficiently quick rate and, in addition, the loss in pressure 
in the pipe line increases with rising viscosity. These 
obstacles cause a decelerated brake intervention. In driving 
stability control, however, there is the general demand of 
effecting a quick brake intervention. To solve this problem, 
devices have already been proposed which provide an auxiliary 
pressure source or a precharging pump (WO 96/20102) . Because 
this entails considerable extra cost, the use of these devices 
is increasingly avoided. 


In view of the above, an object of the present invention is to 
ensure, with little effort, the functioning of a hydraulic 
vehicle brake system with all its partial functions, such as 
anti-lock function, traction slip function, and driving 
stability function, at any temperatures, even when exposed to 
very low outside temperatures. 

This object is achieved by the features of claims 1 and 6. 

Advantageous improvements of the present invention are 
indicated in the subclaims . 

Favorably, the method is used in a driving-dynamics control 
system which serves to assist the driver of a vehicle in 
critical driving situations. ^Vehicle' in this context refers 
to an automotive vehicle with four wheels which is equipped 
with a hydraulic brake system. In the hydraulic brake system, 
brake pressure can be built up by the driver by means of a 
pedal-operated master cylinder. Each wheel has a brake with 
which at least one inlet valve and one outlet valve is 
associated. By way of the inlet valves, the wheel brakes are 
connected to the master cylinder, while the outlet valves lead 
to an unpressurized reservoir or low-pressure accumulator. 
Finally, there is provision of an auxiliary-pressure source, 
generally, a motor-and-pump assembly which is able to build up 
pressure in the wheel brakes even independently of the position 
of the brake pedal. The inlet and outlet valves are 
electromagnetically operable for the pressure control in the 
wheel brakes. Four rotational speed sensors, one per wheel, one 
yaw rate sensor, one transverse acceleration sensor, one 
steering angle sensor, and at least one pressure sensor for the 
brake pressure generated indirectly or directly by the brake 
pedal is provided in order to detect conditions related to 
driving dynamics. An electronic control system which typically 
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forms a construction unit along with a hydraulic block, in 
which the valves and the pump are accommodated, and on the one 
side of which the pump motor is arranged, controls the dynamic 
driving conditions of the vehicle during unstable travel. Thus, 
the function of the driving stability control system in 
critical situations includes imparting the vehicle behavior 
that is desired by the driver to the vehicle, within physical 
limits . 

In ESP control systems (ESP = Electronic Stability Program) , a 
pressure requirement for each individual wheel is calculated 
from the detected instability of the vehicle, and the said 
pressure requirement is necessary to bring the vehicle back to 
the course desired by the driver. Yaw torque control ensures 
stable driving conditions in a cornering maneuver. Different 
vehicle reference models, e.g. the single-track model, can be 
relied on for yaw torque control. In ESP control systems, input 
quantities that result from the course desired by the driver 
(e.g. the steering angle, the speed, etc.) are always sent to 
the vehicle model circuit which determines a nominal value for 
the yaw rate from these input quantities and from parameters 
characteristic of the driving behavior of the vehicle as well 
as from quantities predetermined by ambient conditions 
(coefficient of friction of the roadway, side wind) . The said 
nominal yaw rate is then compared with the actual yaw rate 
measured. The yaw rate difference is converted into a yaw 
torque which represents the input quantity of a distribution 
logic by means of a so-called yaw torque controller or, more 
precisely, a yaw torque control law. The distribution logic 
itself determines the brake pressure to be applied to the 
individual wheel brakes in dependence on a brake pressure 
model. The inlet and outlet valves are actuated by a pressure 
control which converts pressure quantities into valve actuation 
signals in dependence on the real pressure increase and 
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pressure decrease characteristics in the wheel brakes 
reproduced in the pressure model. The pressure model receives 
input quantities required herefor and, based on these and on 
system parameters, reproduces the pressure that prevails in the 
brake. More particularly, the pressure model can receive the 
control signals which influence the brake pressure on the 
respective brake under review, that is e.g. signals for the 
inlet valves, the outlet valves, for the hydraulic pump, or 
similar components. From these signals and from system 
parameters (for example, line cross-sections, switching 
characteristics, etc.), the pressure model can reproduce the 
pressure in the wheel brakes in parallel to the build-up of the 
wheel pressure so that the control circuit can be closed by 
outputting the pressure determined in this manner by way of the 
pressure model. 

Prior art systems suffer from the difficulty of taking into 
consideration the influence of varying temperatures. The 
viscosity of brake fluid drops at low temperatures. This 
changes an input quantity which is taken into account in the 
pressure model when reproducing the wheel pressure, the pump 
delivery capacity or the supply volume of the pump, which 
increases or reduces in dependence on the temperature- 
responsive viscosity of the brake fluid. 

To avoid discrepancies between the wheel pressure reproduced in 
the pressure model and the actual wheel pressure, it would be 
desirable to adapt the parameters that are stored in the 
pressure model or made available to the pressure model, 
especially the pump delivery capacity. 


A first design of the present invention, 
method for determining parameters for 
temperature of a brake fluid of a 


therefore, discloses a 
the viscosity and/or 
vehicle by way of a 
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predetermined pressure build-up within time limits in at least 
one defined section of a brake circuit and for detecting a 
pressure in the section and/or a time which is required for the 
build-up of the said pressure. The change-over valve is opened 
and the inlet valve closed for pressure build-up of the 
measuring pressure. Pressure fluid is conducted from the master 
cylinder into the brake line by actuating the pump. The 
separating valve is closed during pressure fluid delivery. 
According to the present invention, the separating valve is 
opened after a predetermined time interval, and the measuring 
pressure (pressure pulse) generated by the pressure build-up is 
sensed between the inlet valve which is closed and the master 
cylinder. Because the separating valve arranged in the 
measurement section is open when the pressure is detected, a 
pressure sensor which is arranged in the brake line before the 
master brake cylinder between the change-over valve and the 
separating valve can sense the temperature-responsive measuring 
pressure. The temperature value of the brake fluid determined 
from the dynamic pressure is sent as an input quantity to the 
pressure model for the reproduction of the actual brake 
pressures. The parameters for the viscosity or temperature, 
respectively, can be determined from the time variation and/or 
the magnitude of the measured pressure in the defined section 
of the brake circuit. 

By means of the parameters provided to the brake pressure 
model, parameters calculated, or input, or stored in the 
pressure model, such as e.g. the pump delivery capacity and 
values derived from the parameters, such as valve actuation 
times, are modified or corrected corresponding to the 
determined parameters for the viscosity or temperature of the 
brake fluid. In dependence on the temperature values derived 
from the measuring pressure values, the pump delivery capacity 
stored in the pressure model is corrected and, thus, the 
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pressure increase and pressure decrease curves are modified by 
means of which the actual wheel pressures are reproduced. The 
valves of the brake system are actuated e.g. for a longer time 
during brake pressure build-up due to the modified pressure 
increase and pressure decrease curves of the pressure model at 
a higher viscosity of the brake fluid, in particular below a 
temperature of -10°C, for example, at -15°C. The result is that 
the actual wheel pressure reaches the brake pressure demanded 
by the driving dynamics control at an earlier time. 

In another embodiment of the present method, the time is 
detected which passes starting with the build-up of the 
measuring pressure until the commencement of a pressure rise or 
until the attaining of a limit value, and the parameter for the 
viscosity or temperature is determined in dependence on the 
time period found. The determination of time can be triggered 
with the switching signal of the separating valve. This 
determination of the temperature or the viscosity of the brake 
fluid plotted against the time variation of the measuring 
pressure is based on the reflection that, with a brake fluid at 
normal temperatures (until roughly -10°C brake fluid 
temperature) and, thus, at a low viscosity, the build-up of 
measuring pressure can be detected at an earlier point of time 
than at low temperatures (starting from roughly -10°C brake 
fluid temperature) and, thus, at a high viscosity. The pressure 
rise at low temperatures takes place at a later point of time 
than the detection of the measured pressure in a predetermined 
normal temperature range. The time span found can be a direct 
standard for the viscosity or the temperature of the brake 
fluid, or can be determined by way of a comparison with 
quantities stored in tables or characteristic curves. 


In another embodiment, the maximum pressure of the brake fluid 
is detected. This embodiment of the present invention is based 
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on the reflection that the master cylinder connected to a brake 
fluid reservoir in the brake fluid circuit represents a 
resistor in front of which dynamic pressure develops and which, 
at low temperatures, causes a maximally higher brake fluid 
pressure in the section of the brake circuit under review than 
at lower ambient or outside temperatures and, thus, a lower 
viscosity of the brake fluid. 

Further, the present invention discloses detecting the pressure 
variation as a function of time and detecting the time until 
the beginning of the pressure rise (as described above) and the 
maximum pressure (as described above) or the pressure variation 
after switch-on of the pump that delivers the brake fluid or 
after the opening of the separating valve, and determining the 
parameters for the viscosity or temperature of the brake fluid 
in dependence on limit values, or curves of limit values, or 
tables or characteristic curves, or models previously stored in 
the brake pressure model. 

To determine parameters for the viscosity or temperature of the 
brake fluid, it is proposed to open the change-over valve in 
particular shortly after the start of the vehicle, to close the 
inlet valve (s), and to activate the pump for a predetermined 
short time; subsequently, to close the change-over valve of the 
wheel brakes, open the separating valve and evaluate the 
signals of the pressure sensor in the control system which lies 
directly in front of the master cylinder in the brake line. The 
parameters produced from the time variation of the measured 
pressure values are stored in an evaluating unit of the driving 
dynamics controller, which can be a part of the brake pressure 
model, and serve to modify the pump delivery capacity memorized 
in the pressure model. 
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Of course, it is also possible to take into account only the 
time variation or the pressure variation in the section under 
review for the determination of parameters, and the 
respectively different parameter is made the basis of 
plausibility reflections . 

One embodiment of the present invention is illustrated in the 
accompanying drawings and will be described in detail in the 
following . 

In the drawings, 

Figure 1 is a view of a circuit of the present invention for 
determining the parameters. 

Figure 2a is a motor voltage/time diagram. 

Figure 2b is a pressure/temperature diagram. 

Figure 3 is the dependency of the pump delivery capacity on 
the temperature of the brake fluid. 

To determine parameters for the viscosity or the temperature of 
the brake fluid, it is disclosed to open the change-over valve 
17, especially shortly after the start of the vehicle, close 
the inlet valve 11 and activate the pump 10 for a predetermined 
short interval, and to supply brake fluid from the master 
cylinder 12 into the brake line. To detect the measuring 
pressure, the change-over valve 17 is closed and the separating 
valve 16 opened, and the signals of the pressure sensor 13 that 
is arranged in the brake line directly in front of the master 
cylinder 12 are evaluated in the electronic control system 14. 
The hydraulic circuit illustrated in Figure 1 represents a 
subarea of a prior art brake circuit in which the brake force 


booster is designated by reference numeral 15, the separating 
valve by 16 and the change-over valve by 17. A known brake 
circuit is illustrated in DE 196 48 596 which is a part of the 
present description. Figures 2a and 2b show the time variation 
(Figure 2b) of the brake fluid in dependence on the motor 
voltage pulse. As the pressure curves of Figure 2b show, the 
result of actuation of the motor of pump 10 by means of a pulse 
20 are dependencies on the temperature or viscosity in the 
pressure variation of the pressure measured with the pressure 
sensor 13 in the defined section of the brake circuit, which is 
produced between the closed inlet valve 13, the open separating 
valve 16, the closed change-over valve 17 and the master 
cylinder. The pressure curve 18 represents a pressure variation 
at low temperatures, pressure curve 19 represents a pressure 
variation at normal temperatures. The point of time of the 
pressure build-up at low temperatures is later, at time Tl, and 
causes a higher maximum dynamic pressure PI. At temperatures up 
to -10 degrees, the point of time of the pressure build-up is 
earlier, i.e., at time TO, and causes a lower maximum dynamic 
pressure P0. Parameters which represent the temperature of the 
brake fluid are produced by way of the time variation and/or 
the magnitude of the measured pressure value. These parameters 
are memorized in the pressure model and serve for the 
modification of the pressure increase of pressure decrease 
characteristic curves which are produced in the pressure model 
by way of the modification of the pump delivery capacity. The 
pump delivery capacity memorized in the pressure model of the 
controller 14 can be modified in dependence on the temperature 
of the brake fluid that is determined by way of the measuring 
pressure, or in dependence on a temperature threshold value by 
taking correction factors into account. Figure 3 shows the 
relationship of the pump delivery capacity influenced by the 
temperature of the brake fluid and, thus, the viscosity. When 
the temperature of the brake fluid drops below -10°C, the 
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capacity of the pump declines almost proportionally to the 
temperature. Of course, the method may also be employed in 
other, e.g. non-linear, dependencies between the pump delivery 
capacity and the temperature of the brake fluid. 

The wheel pressure reproduced in the pressure model is adapted 
to the brake pressure that is actually introduced into the 
wheel brakes, by way of the changes of valve actuation signals, 
for example. 


